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INTRODUCTION 

'&is petrographic .stuCty is based on samples collected by J. Schwietering 

frcmthel~rpartof~eDevoniansectian~sedonthenewroad-curtonRoute 

33 eastofElkins. J. schwietering described the rocks in detail megasccpically. 

?he rocks aremainlyshales and siltstones with a fewvery fine sandstones and 

sane limey layers. The specimenrnxrbers usedinthis stusiyreferto thenmber 

of feet above thebase of this measured section. 

Qxartzoccurs inmmccrystalline grains, fine-grainedmtaquartzite, ti 

as aconstituentofthe schist grains. Saneofthe grains ofcryptocrystalline 

quartzmay representchert orvery fine-grained quartzite. 

Feldsparwaspresentinrmstspecimenswithsme sandstonescontaining 

as mch as 13% feldspar. The original content was evenhigherbecause appreciable 

amounts were completely replaced by quartz. lke feldspar is exclusively plagio- 

clase in the form of oligcclase. Alwlougtqotashfeldsparusuallyoccurstith 

plagioclase, several methods of identification indicated that tie feldspar was 

solelyplagicclase. Inthinsection, no twinningtypical ofmicrccline or 

diagnosticperthite was observed. Irdex of refraction detezmined by me 

imnersion method revealed only plagicclase. Stainingconfirm&thepresenceof 

plagioclasebut no potash feldspar. X-ray analysis stmwed plagioclase in every 

specimenwithoutanypotashfeldspar. 
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Themostcamon phyllosilicates were fine-grain& muscovite or illite. 

Kaolhnite was rmt easily recognized in thin section but X-ray indicated only a 

few specimens contained appreciable kaolinite. Coarse flakes of muscovite and 

biotite,were mticeable in most specimens. Much of the biotite was fresh but 

sane waspartiallybleached indicating 

occurredinminormmmtsandappeared 

tion of biotite. 

lggj of sane of the potassiun. Chlorite 
Lo.. File 

to be detrital rather than in situ altera- -- 

Aboutbalfof the specimens studied intbinsectioncontainedapercent 

or more of carbonate. Inthemostcalcareous specimens, much of the calcite 

occurred in fossil shells. The specimen at 1176' is actually a fossiliferous 

limestonewithonly small aIl?ounts of guartz. Where calcite constituted 10% or 

less of the specimer, it was usually secmdary and terxkd to replace argillaceous 

material and feldspar. 3nallamounts ofcarbonateweatheredbrownindicating 

ankerite or siderite. 

It is of particular interest to mte that small armmts of sphalerite were 

observed inthethin sectionofthe sar&tone at1604'. The spbalerite wasmainly 

ofreplacemen t origin and particularly attacked phyllosilicates. Replacement of 

biotite could have furnished imn for the sphalerite. In hard specimen of this 

sandstone,reddishb~euhedralsphaleritecouldbeseenalongfractures. Ihis 

material rese&les ruby zinc which is a variety of low iron sphalerite. Smaller 

amunts of galena in the form of cubes occur with the sphalerite. 

-3- 
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CQ4PARISON OF THIN SECTI(3N DETERMINATIONS 

WIln X-RAY AND ELEMENTAL, ANALYSES. 

X-ray diffractian ardelmskal analyseswere runbyJ. Rentononthe 

samespecimensthatwere thin sectioned. ?he trerds in mineral variation deter- 

mined in thin section comespord fairly well with those determined by X-ray dif- 

fraction (fig. f, and 2 >. Quartz plus feldspar determined in thin section 

corre!spoids wellwiththe X-ray analysis inthequartzose rocks. In the highly 

argillacecus mcks thequartz runslower apparmtlybecause saneofthe fine quartz 

couldmtbe observed inthinsecticn. tune of the scatter intheplottedpoints 

wasprobablydue to the fact that the thinsectionwasnotexactlyrepresentative 

ofthespecinmamlyzed. 

in comparing the phyllosilicate 

cantent (imludingminor feldspar intkins~im)corresponrls quitewell with 

the silica cantent determined by elenmtal analysis. The straight line running 

Uxm* the averagepositionofthepoints ineachofthese graphs cuts the 

abscissa close to 50% SiO,. T?wx-&ically this represents the silica content 

ofthecanponentsotherthanqartz intkserccks. ?hischecks 

the chief caqxnent besides qumtz is illite which typically has 

about 50% SiOz. 

out well because 

content of 

Inmstspecimens the carbomte content determined intbinsectionagrees 

withthegec&emicaldataintemsofCaOcontent. Asseeninfigure5 the 

qxcimenstithmrecarbcmatearericher indolanitethancalcite as thepoints 

fall closer to the theoretical curve for pure dolanite. The point for specimen 
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406 falls far frcxn the curves. Either there was a diffeee in lithology between 

the specimenthinsectionedandthe analyzedspecimenor the% was ananalytical 

error. 

These specimens cc&ai.n various phyllosilicates -- illite, muscovite, 

biotite, chlorite, kaoliniCe ard possibly other clay minerals. Because of variations 

in the proportions of these phyllosilicates as well as feldspar, there is scme 

scatter when the percentagesofphyllosilicates are plotted against A1203 but 

the general trend is consistent (fig. 6 >. Moderate amounts of biotite ~I%I 

minor chlorite are seen in thin section. This is consistent with the plot in 

figure 7 showing &creasing phyllosilicate content with increasing iron oxide. 

wouldbeexpected. 'lhe increase inK20WithA1203 reflects thehighproportion 

of mica ar~I illite in the phyllosilicates. The Na20 content is a little higher 

thanwouldbe~ectedfmnthemica~mayreflect thepresence of feldspar. As 

statedpreviously, the increase inironoxidewithA1203is related to the occur- 

rmce of biotite. Althouc& biotite contains Ti, the amunt of Ti in these reeks is 

hi@er than muld be qqected for the biotite content. Sme of the Ti may be in 

heavies szh as ilmenite, sphene, aryl rutile. MgO is not plotted because it 

varies both with content of dolanite and biotite. Overall the MgO content is 

relatively low indicating that the biotite is sanewhat lower in MgO than the 

average biotite. 

The mineralogy of the silt&ones and silty-shales gives sane ix&cation of 

thescurcerock. Grainsofn&amorphicrc&arecarmcn. In addition to fine- 

grained quartzite, there are rock particles of fine grained schist. Biotite is 

ispresentsoatleastscmemetamozphic sourcewasofmiddlegrade intensityor 

-lO- 
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or higher. Feldspar content in the siltstones is significant, ccmnonly 5-l%, 

yet it is exclusively oligoclase. Oliglase rather that albite also indicates 

metamorphisnofatleastmiddle grade. The absence of potash feldspar is 

notewxthy. Inasmu&aspotash feldsparisrxxmallymore resistanttoweathering 

than plagioclase, its absence'from the sediments indicates it was not present in 

the original rocks ofthe source area. Apparently the source areawas devoid 

ofgranite~pegnatitewbicharerichinpotashfeldspar. l%isisunusual as 

areas of schist are cannonly intruded by granites and pegnatites especially in 

high grade zones. If the sourcewerelowermiddle grade,thistJouldexplainthe 

absmce of garnet although garnet may not have survived weathering ard intra- 

stratal solution. 

The feldspars are remarkably fresh except for scmediagenetic solution. 

All%xxgh sane biotite is altered, much of it is fresh. Apparwkly the source area 

wasnothighlyweatheredandwas subjectedtomechanical breakdown. 3kereforeit 

maybe thatmuchoftie finematerialinthe shales is aprcduct ofmechanical 

shreddu7gofmica ratherthana seccndaryprcduct resCltingf~ch&cal 

weatiering. Althou& all the siltstcnes and sat-&tones have phyllosilicates, 

rwzhofthematerial representsmica inschistgrains ratherthanfine 

~argillacecus material. 

-14- 
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Pressure solution effects are difficult to observe in fine grained rocks 

but at least moderate pressure solution of quartz occurred in the siltstones ad 

sandstones. Secondary quartz was noticeable except in the quartz-poor shales. The 

largest amount of semmdary quartz occurred in the sandstone at 931' apparently 

because this was a particularly clean sandstone and little clay or carbonate was 

present to inhibit quartz growth. Uneven growths in other specimens indicated that 

clay coatings interfered with quartz enlargement. 

Feldspar has undeqone very little alteration to clay bat dissolution 

effects areconspicuous. The solution occurred in the subsurface rather than at 

the outcrop inamnxh asmanyoftheleachecivoids are filled with fossilhydrccarbon. 

The feldspar voids are similar to thoseobserved inthe cores of the Benson sand- 

Ihe specimens are surprisinglyfreshwithonlyminorweatheringeffects. 

Alteration was limited to a few specimens where the smallamountof iron-bearing 

Dark bmwn organic material that appears to be fossil hydrocarbon fills 

voids in several of the fine sarxistones and siltstones. The sandstme at16041 was 

the richest in this fossil hydrocarbon. Measurement in thin section is not entirely 

accurate because of the difficulty of distinguishing between stained argillaceous 

material ard actual hydrccarbon. However, it appears that the fossil hydrocarbon 

content of this sandstone is close to 15%. only minor amounts oforganicmaterial 

-15- 
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werei&icatedinthisspecimen.byl~ 

oftheoqanicmaterial wasnotofthe 

Athermogramofthe specimenindicated 

?hedistributicmofthehydmmrWnin 

Geography 

apmtly because most 

type that is destroyed by this treatment. 

considerable hm. 

this sandstom is very unwen with sane 

interstices filledwith hy&xa&on andothersocc@edbyquartzfreeofany _. - 

organic matter. 'R-m-e are several possible e>p>lanations for this d3stribution. 

Ihe B may have entered the sandstone fairly early arxi because of F+ w 
: : : 

dynamicsofthesystmmayhave by-passed sanepatches ofthe sardstaeardbeen 

coxentratedinotherpatcfies. C+artzgmw-khwxiLdhavebeenblockedinthe 

irrter~tices filledwi~hydrpcarbon whereassecomlaryquartzgruwthandpressure 

solutioncouldhaveoccurred in the clean interstices. In pores containing both 

hw and hater,- quartz growa ard caqaction attending p- solutim 

cculdhavedisplacedh@warbon 

alongfractxrresin?3esan%tme 

filled with clean SecoRdary 

tohydrocarbanitisirregularasifitsgrowthwasimpededbytheh~. 

-However,hydrccarboll didmtenteruntil aftersanedi.ssolukionoff&&x+ad 

oc~sin=elea&edvoidsinthefeldsparare filledwithhydrw3artKxl. The 

diageneticsequenceinthissar33stcmewas: 

1.Mimrsecor&qquar63grwrJthandpressUre SolUti.~ 

2,Partial disso1ution0ffeldspa.r 

~;E=ntryof~withirregulardistributioplinthesandstane 

4. Major Quartz growth and pressure soluti.on in weasoflowh~ 

carbon ccdxnt. i 
-16- 
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6. Quartz filling of fractures maj$y as avergrowths on grairxs at 

balls of the fsactures 

: In~sadstmeat931~mostofthesecordary quartzf0~'bef0re~ 
; 
theentzyof~. Poresaremakly filledtithqua+zcarrentandar?y 

residualinters-titialporesarefilledwith hydrocarbon . ==-wquartz . -I 

fonneddter*E!influxof~. ?hisis indicated bythe fact mat 
. 

Quartzreplacedfeldsparhich prwiouslyhadvoids filledtithhe. 

lrEherereplacementoccurrd, the hydrocartxrn filled pores are left as islarrb . 
. -. 

intiereplacingqnrtz. 

GplFrMA RADLATIQN _* 
. 

' &ma radiation as measured by J. schwietering at the outcrcp is plotted in 

figure 9 against phyllosilicates ard organic material &ich are me comstit- 

umts that normally accomt formstof tie radiaticm. Most of the specimens withcut 

organicmaterial fallfairlyclose tothe straight line shomin*e figure. Major 

deviatimsampmbablycases inwhichthethinsectio31isnotrepretsentativeofthe 
. 

.areafrcmkhichradiationwas emanating. Ihepoints fororganic-richspecimens also 

fall closetotbisline if the radiation frun ~eorganicmaterial is calculatedas . 

3.2 times that frm phyl.losili.cates. It is int&estMgtomts#atsZmeof~e 

%otstreaks" in~e~sand~Charebeliwed&eto~epresen=eoforganic; 

rratterdlsoyieldradiati~ufri~is~3timesstranger~thatfrcmp~~~ 

silicates ( cheaM,1977), -:. 
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~lfracturesaredifficulttodete~t inthesemcksunkssthereis 

a filling of a light colored mineral. A few specimens hati an cccasional calcite 

vein as is the case at 931'. However, the sandstoneat1604' i&unusual inmat 

it iS. laced with mall fractures, ?hese fracturest&tobe either&rSl.l+l 

to bedding or perpendicul& to bedding. “Rae fractures observed inhard specimen 

arecpenandlinedwitheuhedrdl‘~s~sofquartz,sphdl~i~,ardgal~..~ 

thin s~~,~fracturesareverydifficulttodeteci=because~~are irregular 

ardlaqelyhealedbyquarkz. Their-regularwallsofthe fracturesweredue to . 

e the fact that the fractures formedlargelybythe spreaingapartoftheconstituent " 

grains rai%zrthanbybm through*e grains. ?hegrainsactedasseedcrystalS 

for quartz growtf? into the fractur4 cpenings. Tbisquarkzcouldreadilybemis- 
I 

takenformrmal sedimentary quartz and aus the fracturescdd easily beoverlooked. 

-19- 
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FACTOFE CCNIROLLING FCROSITY 

L‘ 

Many of the siltstones and sandstones initially had good porosity. Although 

the siltstones typically were rich in phyllosilicates, these phyllosilicates were 

not in the matrix but were constituents of rock grains mirily slates and schists. 

I=4xh of the porosity in these siltstones was lost by canpaction facilitated by the 

yielding of these ductile grains and mica flakes. In the more sandy specimens, 

canpaction was aided by moderate pressure solution at quartz contacts. In the 

cleansands, porositywaslostminlybysec&aryquarts cement. Wherehydrocarbon 

enteredearly, porositywasmaintainedby~ehydrocarsonSpreventingquartz growth. 

These hydrocarbons are now solid"fossi1" hydrocarbohs in the outcrop sp~imens. If 

sme of the hydrocarbons had been converted to solid form below the surface, they 

could have acted as seals to prevent loss of later hydrocarbons. 

~tvpesofsecondaryporosityocnurinsaneofthespecimens. Onetype 

resd -4 frcm partial dissolution of feldspar. Sane ofthevoids arewithinthe 

grairr ard did not contribute to effective 

i++ 
7) -.:yg --&y>, us 

- f i 2 Ad & _; ,$J 
tended to be filled with quartz or calcite. As mentioned earlier, special care is 

required to detect these fractures. The fractures withlargeropenings as at1604' 

were hot completely filled and could serve as important channelways. 

?he factors~chaffectedporosityinthese specimens muldalsobe impor- 

tantincontrollingporosityinsubsurface reservoirs. 
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